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ABSTRACT

Analysis of Cyanide in Cigarette Smoke and Characterization of

Detoxification Process in Oral Cavity

Vu Phuong Dong

Advisor: Prof. Hoon Yoo, Ph.D.
Department of Bio-dental Engineering,
Graduate School of Chosun University

Cigarette smoke contains high concentration of poisonous hydrogen cyanide (HCN)
gas which is easily absorbed in human body. In this thesis, we developed a capillary
electrophoresis (CE) method to analyze cyanide (CN) component in cigarette smoke
and understand how oral cavity response to the CN substances. CN was extracted by
bubbling cigarette smoke through various isotonic solutions at various pH conditions.
The concentration of CN in the solutions was determined by the oxidation reaction of
hydrogen peroxide, converting CN into thiocyanate ion (SCN’), prior to the detection
by CE. Interestingly, CN ion is biologically detoxified into SCN’ by the action of sulfur
transferase enzyme, rhodanese. In the present study, all of cell lysates prepared from
human gingiva cells (YD-38), human tongue cells (YD-15) and human epithelial cells
(KB and fadu) converted CN"into SCN". Among cell lysates, YD-38 cells showed the
highest conversion rate. RT-PCR confirmed the expression of rhodanese gene in all

oral cancer cells investigated. The secretion of SCN™ from the cells was confirmed by
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CE, supporting that CN uptaken in oral cavity cells was not only converted into SCN’

but also secreted out into saliva.

Collection @ chosun



M

[N

ETHI S 71 2] A[OFLLO]

N 7E

=8E X|L= hydrogen cyanide(HCN) 7tA = EHI 7] 2| 2 0|0 QIH|0f CN'Q| HE[ =
S50 548 Sdsitt ML AIA cyanide = sulfur transferase &A@l rhodanese Of
O|3}| thiocyanate (SCN)Z M 2BIE|=0| O|2 QIs| SHHfE BiO| mR= Ao &N £ =
HAO SCNO| B £ SE2 AEE= HO2 BNEQUCH d2L FLME LHoIA
SN HA 9 SHI|TS O BBHs| ST b Ik 2 TOINE HIAE TuS

O|-83}0] EHejA7| Lhel =AotL N g=E0| T4 UolA ofEA HI=S

CN
ZAMSIUCH SHH Q7| MEQl HCN 2 CHYSE pH O] isotonic

0

=
OHOJ Al EZISICEH 22N Lo HCN sE £ T™IISHT| fI8fA HCN I} thiosulfate &
OpAR=A MRS Qs SN E MEAIZI = MI|FEE ZH| (capillary
electrophoresis, CE)S 0| 23}0] SCNS ZZ=0I P CE ZAFSH human QUEAM|Z (YD-38), &
M= (YD-15), MIM=E (KB 2} Fadu)Q| lysate OJA{ CNO| SCNOE HNzl=l= ZHE
SIS} S3] YD-38 MEOIA ATHNoR 2 MBS HC

t
rhodanese S MAIE B35S0 QS S RT-PCR S 0| 25| =HOISHSLCE OFX|2HO 2, CNO|

CEAMT NZE B LSt HiX|OfA sCN'E 7| FS0f 2lsh A 2M T+ LHOA
M=Z=Z2 FYE CN O[20| rhodanese 0f 2|3l S(NCE TetEl & EfHo = FH|E

-V -

Collection @ chosun



1. Introduction

Cyanide (CN) is one of the most toxic poisons. It exists as a colorless gas (HCN),
inorganic solid salts (sodium cyanide or potassium cyanide) or organic compounds
(nitriles). Most of these are highly toxic. Especially, HCN is dangerous toxic gas with

high lethality [1]. The physical properties of HCN are summarized in Tab. 1.

Table 1. Physical properties of hydrogen cyanide

Description Colorless liquid/gas

Molecular formula HCN

Molecular weight 27.03

Boiling point 25.6°C

Melting point -13.4°C

Vapor pressure 0.83 atm at 20 °C

Solubility Miscible in water, alcohol; slightly soluble in ether

Tobacco cigarette smoke (CS) contains high level of HCN which is generated
during the combustion of the proteins or nitrate compounds at high temperatures
under the oxygen deficient condition [2]. HCN level in inhaled CS ranges from 10 to
400 pg per cigarette (U.S. brands) and 0.6 to 27 % of CS (by weight) are found in
secondary smoke [3]. Although no one wants to breathe HCN into their lung, smokers
do it multiple times while smoking. The CN" ion acts as a non-competitive inhibitor to
cytochrome ¢ oxidase in mitochondria by complexing to the iron within this enzyme.
The binding of CN prevents transport of electrons from cytochrome ¢ to oxygen, thus

disrupts the electron transport chain and energy production [1]. World health

-1-
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organization (WHO) reported that chronic cyanide exposure by smoking causes
neurological, respiratory, cardiovascular and thyroid problems [4-5]. With the rapid
increase in the number of smokers, the concerns on the toxic effects of cyanide are

increased [6].

In humans, several biological pathways prevent the toxic effects of CN. These
pathways involve the conversions of cystine into aminothiazoline- and
iminothiazolidine carboxylic acids, alpha ketoglutarate into glutarate cyanohydrin and
hydroxycobalamin (vitamin B12a) into cyanocobalamin (vitamin B12). Approximately
80 % of CN is metabolized to SCN by the action of mitochondrial sulfur transferase

enzyme called rhodanese (Rh) (Fig. 1) [7].

Cyanocobalamin
(vitamin B12)

Cobalamin

Sulfur donor
(thiosulfate)

2-amino-2-thiazoline-4- | _ EyStl ne

carboxylic acid

CN-

Rhodanese ~

a-ketoglutarat_e

a-ketoglutarate cyanohydrin

Figure 1. Scheme of cyanide detoxification in human

Rhodanese is known to be a multifunctional enzyme. It was reported to be
involved in the formation of iron—sulfur center in proteins [8-10], participation in energy

metabolism [11-12], functioning as a thioredoxin oxidase [13] and metabolizing CN [14-
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15]. The activity of rhodanese in the tissues is associated with the CN detoxification

[16].

Thiosulfate ion (S,03%) has been widely used as sulfur donor in many assays
to demonstrate rhodanese activity from biological samples. The conversion reaction of

CN to SCN using S,05% is shown in Eq. 1.

< _ [RhOATNCSCR -
58" 0N > Y =eN ()

The conversion rate was estimated by analyzing SCN™ produced. To do this, Sorbo
assay, one of the most prominent assays, was done by the determination of the deep
red ferric thiocyanate (Fe(SCN);) complex, which formed from the reaction between
SCN’ and ferric ion at 464 nm [17-18]. Although this is a simple, fast and suitable
assay, the competitive effects of other metal ions with ironin complex formation as
well as the overlapping absorbance of other colored components interrupt the
accurate measurement. To overcome this limitation, we used a capillary
electrophoresis (CE) to directly detect SCN™ from reaction mixture. Previously, SCN’
could be detected by ion chromatography (IC). However, in comparison with IC, CE
has more advantages in terms of the sample volume, detection limit, resolution and
analysis time [19]. CE also overcomes the limits of Sorbo assay since it detects SCN

directly.

In human, high level of Rh was found in kidney and liver tissues [20],
suggesting CN to SCN conversion mainly occurs in these organs. The SCN is then
released into the serum, increasing serum level of SCN'. Interestingly, SCN

concentration in human oral and nasal secretions is even much higher than serum.

-3-
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Concentration of SCN in saliva was at 0.5 to 3 mM which is more than ten folds higher

than serum (0.05 mM) (Tab. 2).

Table 2. SCN level in human saliva, nasal discharge and serum

Compartment [SCN] (uM) References
Saliva 500-3000 [21-22]
Nasal airway fluid 100-1200 [23]

Serum 5-50 [23-24]

Oral cavity is the first organ exposed to CN in cigarette smoke. In this study, we
hypothesized that the inherent conversion of CN into SCN would be occurred at oral
environment. The specific goals were to characterize CN detoxification in oral and
nasal cavities in vitro and understand the reason of high level of SCN’ in saliva. The
experiments were designed to detect CN in cigarette smoke and CN to SCN
conversion in oral, nasal discharge and oral cells (Tab. 3). The expression of
rhodanese in the oral cells was determined by reverse transcription polymerase chain
reaction (RT-PCR). The CN to SCN conversion by cell lysates and SCN secreted out

from CN-exposed oral cancer cells was detected by CE.
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Table 3. Experimental methods

Oral cells Fluids
Specimens Cigarette smoke
(YD15, YD38, KB & fadu)  (Saliva, nasal discharge)
Conversion Rhodanese
process HCN > SCN
e RT-PCR
e Chemical reaction e Colorimetric assays
Methods o Lysate experiments
o CE detection o CE detection

e CN exposure tests

Collection @ chosun



2. Materials and Methods

2.1. Chemicals

NaCN, Na,S,03; and KSCN were purchased from Sigma-Aldrich (St. Louis, Missouri,
USA). Other chemical reagents of analytical grade were supplied by commercial
sources. CE background electrolyte (BGE) and standard solutions were prepared with
Milli-Q water (18mQ cm) produced by a purification system (Millipore, Molsheim,
France). The BGE was 25 mM phosphate buffer and 1 mM myristyltrimethyl
ammonium hydroxide (Waters, Mapple, Milford, USA) at pH 7.0. Fresh BGE was daily

prepared, membrane filtered 0.45 ym (Millipore) and degassed prior to use.
2.2. Capillary electrophoresis

The analysis procedure was performed on a Beckman Coulter P/ACE MDQ Capillary
Electrophoresis System and interfaced with the 32-Karat software (Beckman, Kraemer,
CA). Fused silica capillaries (100 ym i.d. and 365 ym o.d.) were supplied from
Polymicro Technologies (Phoenix, AZ, USA) with the total length and effective length
were 60 cm and 50 cm, respectively. The detection was set at a wavelength of 200 nm,
using a mercury lamp. New capillaries were rinsed under the 20 psi (1 psi = 6894.76
Pa) pressure with the following steps: 100 % MeOH for 5 min; 0.1 mol/l HCI for 5 min;
0.1mol/l NaOH for 5 min; distilled water for 3 min and BGE for 3 min. Between
injections, the capillary was reconditioned by rinsing with 0.1 mol/l HCI for 1 min, 0.1
mol/l NaOH for 1 min and BGE for 1 min. Electrophoresis was carried out at 20 kV

with positive polarity. Samples were introduced hydrodynamically with the injection
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time of 3 s at an over pressure of 0.5 psi. The electrophoretic procedures were

conducted at 25°C.

2.3. Quantification of cyanide in cigarette smoke

Smoke in —» —> Smoke out

Figure 2. The extraction of HCN from smoke

Cigarette smoke extract (CSE) was prepared by bubbling smoke from one cigarette in
40 ml of solution by using a smoke extractor (Fig. 2). To determine the concentration
of CN, 100 pL of smoke extract was mixed with the same volume of 5 mM of H,O, and
5 mM of NayS,0s, incubated at 50°C for 30 minutes. Then SCN generated was
analyzed by CE. Since the mole ratio of SCN and CN in the chemical reaction is 1 to 1,
the determined value of SCN concentration was considered as the concentration of

CNin CSE.
24. Sample preparation from saliva and nasal discharge

Saliva and nasal discharge were collected into the plastic tubes. All volunteers were
demanded to rinse their mouth with distilled water prior to the collection of saliva.
Nasal discharges were collected from people who had cold or allergic rhinitis. The

preparation procedure was as follows: (i) collecting samples; (ii) weighting, (iii)
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centrifuging (10.000 rpm for 10 min) and (iv) collecting supernatants and keeping at -
20°C. Exactly 100 pg of supernatant of each sample was used for checking rhodanese

activity.
2.5. Cell preparation

All cell lines used in this study were purchased from Korean cell bank (Korea). Phenol
red-free RPMI 1640 medium was used for culturing YD-15 and YD-38 cell lines. KB
cells were grown in Dulbecco's modified eagle's medium (DMEM) and Fadu cells were
cultured in Minimum essential medium (MEM). All media were supplemented with 10 %
FBS and antibiotics (100 U/ml penicillin G and 100 ug/ml streptomycin sulfate). Cells
were seeded under humidified atmosphere, 5 % C0O,/95 % air at 37 °C in a incubator.
To prepare the lysates, cells were washed twice with Hanks' Balanced Salt Solution
(HBSS), scrapped and ultrasonicated for 5 min after diluting by 500 pL distilled water.
After that, the mixture was centrifuged at 13.000 rpm for 15 min at cold temperature (4
°C) and the supernatant was collected. The concentration of cytoplasmic protein was
determined by Bradford method [25] using reagents from the Bio-Rad DC protein
micro-assay kit (Bio-Rad Laboratories, Hempsted, UK). The lysate samples were
diluted into protein concentration of 800 and 400 ug/ml for determination of rhodanese

activity.
2.6. Detection of rhodanese activity

Rhodanese activity was determined by using either Sorbo colorimetric assay or CE.
The applied colorimetric assay was based on the report of Agboola et al. [26]. 20 ul of

sample (fluids or cell lysates) was mixed 40 ul of 250 mM of Na,S,03, 40 ul of 250 mM
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NaCN, 100 ul of 1 mM tris-(hydroxymethyl)-aminomethane hydrochloride buffer, pH
8.0. The mixture was incubated at 37°C for 3 min and then quenched by adding 200 ul
of 4 % of formaldehyde. SCN produced from reaction was reacted with 0.6 ml of
Sorbo reagent (consisting a ferric nitrate solution containing 0.025 g of Fe(NO3)3.9
H,O in 0.74 ml water and 0.26 ml concentrated nitric acid) to form the red colored
complex which can measured at 464 nm by an ELISA plate reader (Multiskan
EX, Thermo Electron corporation). For CE, SCN" samples were 10 folds diluted and
filtered (0.45um) prior to injection. CE conditions were described in section 2.2.
Sodium urate and distilled water were used as an internal standard and control,

respectively. Each experiment was repeated more than three times.
27. RT-PCR

Total RNA was extracted from all tested cell lines (YD-15, YD-38, KB and fadu cells)
by using RNeasy Mini Kit (QIAGEN, USA). Contaminated genomic DNA in total RNA
was removed by RNase-free DNase | digestion. Rhodanese oligonucleotide primers
were designed from conserved domains of Rh exon 2 and exon 3 sequences. The
sequence of Homo sapiens Rh, RefSeqGene on chromosome 22 (Genbank accession
number NG _027994.1) was used as a reference sequence. PCR conditions were
designed by using Primer3 software [27] and Oligo calc webtool [28]. Sequences of
primers were listed in Table 4. The reverse transcription was performed in a total
volume of 50 pl containing 1 pg of total RNA, Oligo(dT)2.1s Primer and SuperScript™
Il Reverse Transcriptase (Invitrogen, USA), using 2720 Thermal cycle (Life
technology™). Each PCR was run in triplicate using Hotstart PCR premix (Bioneer),

which contains 1 pl of cDNA template and primers to be the final volume of 20 pl.
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Program of RT-PCRs were 35 cycles of 30 seconds at 95 °C, 52 °C and 72 °C,
completed by extension at 72 °C for 7 minutes (10 minutes for Rh exon 2-3). RT-PCR
products were separated on 1.2 % agarose gel in TBE, stained with ethidium bromide
and detected by UV-lamp at 302 nm. Glyceraldehyde 3-phosphate dehydrogenase

(GADPH) gene was used as a reference.

-10 -
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Table 4. Primer sequence for RT-PCR

Primer Sequence (5’-3’) Product (bp)
h-GAPDH (F) CTC TGA CTT CAA CAG CGACA

h-GAPDH (R) TCT CTC TCT TCC TCT TGT GC 200

Exon 2F TGG TTC ATC AGG TGC TCT AC

Exon 2R GAT TCAAGG TTC TCC AGC AC 520

Exon 3F TCA TGG ACT TCC TGA CTG AG

Exon 3R TCA TCT CCT TCA CCT AAG AG el

11 -
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2.8. Cyanide exposure on cells

YD-38 cells (1 x 10° cells/ml) were cultured in 100 mm dishes with RPMI modified
medium that contains 25mM of HEPES hemi-sodium salt for 24 h prior to treat
compounds. After treating mixture of NaCN and Na,S,03 at concentration of 25 mM,
the cell morphology was observed by an Axiovert microscope (Carl Zeiss). Every 3
hours, 100 pl of culture medium was collected and qualified the level of SCN™ by CE.

The cells with only Na,S,0; treatment were used as a control.

-12 -
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3. Results

3.1. Optimization of the capillary electrophoresis conditions

In the enzyme conversion reaction (Eq. 1), cyanide and thiosulfate are starting
materials while thiocyanate and sulfite are products. Therefore, analyzing the
composition of the mixture of these anions is important to measure of enzyme activity.
The influence of background electrode (BGE) pH on the CE peaks detection was
examined in the pH range 5.0-8.5 of sodium phosphate at concentration of 25 mM.
The BGE conditions at lower than pH 5 were not used since analysts were not
separated. The BGE conditions at higher than pH 8.5 caused boiling of the electrolyte
and poor reproductions. Table 5 summarizes the resolution and RSD of detected
peaks. Among the tested pH conditions, the condition at pH 7.0 offered the most
acceptable resolution (R = 1.28), best repeatability for migration time (0.34 %), peak
area (0.91 %) and peak height (0.82 %). Showing in the Fig. 3 is overlapping of three
independent CE runs obtained by using buffer consists of 25 mM phosphate and 1
mM of OFM at pH 7.0. The optimum condition was used to make the calibration curve

of SCN™ as well as selected for further experiments in this study.

The calibration graph in Fig. 4 was obtained by the analytical procedure that was
carried out on the standard solution containing 0.2 to 1.0 mM of SCN'. The peak
height and peak area were plotted against the amount of SCN™ and the linear
calibration was obtained after 10 runs. The correlation coefficients were better than
0.99 in both cases. The linearity equations are both acceptable for the calculation of

SCN’ concentration.

-13 -
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Table 5. Effect of pH on CE resolution and repeatability.

pH of BGE Mean of peak resolution RSD of SCN peak (%)
(SCN7/S,05%) (n=3)
Migration time Peak area Peak height
5.0 1.01 1.68 3.12 2.79
6.0 1.08 3.14 2.54 5.64
7.0 1.28 0.34 0.91 0.82
8.5 1.47 3.72 6.38 7.99

Collection @ chosun
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Figure 3. CE detection of thiocyanate and thiosulfate
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Figure 4. Standard SCN™ plot based on CE peaks at optimized condition. Each data
point represents the average of ten injections with standard deviation.
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3.2.  Analysis of cyanide in cigarette smoke

CN in cigarette smoke extraction was converted into SCN™ by chemical reaction
showing in Eq. 2 which was detected by CE. Fig. 5 shows a CE detection of SCN" in
the reaction product. To estimate whether pH of medium effects on the amount of CN
extracted, smoke was extracted by 4 different isotonic solutions: NaCl 0.9% (pH 7.0),
Dulbecco’s phosphate buffered saline (PBS) (pH 7.4), NaCl 0.9% in HCI 10 mM (pH
2.0) and NaCl 0.9% in NaOH 10 mM (pH 12.0). The change of pH of the extraction
was observed (Tab. 6). The analyzing the CE peak showed that level of dissolved CN
was from 602 to 620 uM (24.08 to 24.80 ug/cigarette) with RSD lower than 3.27% for

all extractions.

-17 -
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CN + H,0, + S,0;> — SCN™ + SO~ + H,0 (2)

0.004
2)
$ -
=
4
f 0.002
2
=}
: ]
0.000 , , ,
2 3 4 5

Minutes

Figure 5. CE detection of SCN’ in reaction of H,O,on CN in cigarette smoke. Trace
arrangement is: (a): extraction of cigarette smoke; (b): 0.5 mM mixture of 82032' and H,0,;

(c): mixture of (a) and (b) after 30 minutes incubating at 50°C. CE conditions are
summarized in section 2.2.

-18 -

Collection @ chosun



3.3. Detection of CN to SCN conversion in saliva and nasal discharge

Since the presence of CN in cigarette smoke was confirmed, the remaining question
here is whether saliva can convert CN into SCN. To test this, we checked the
presence of SCN in saliva and detected the SCN formed in the saliva after exposing to
CN. The same analytical conditions were applied for nasal discharge. Level of SCN in
saliva of smokers and non-smokers was first examined by CE detection. A result
shown in Fig. 6 confirms the higher level of SCN’ in saliva of smokers than non-
smokers. For this experiment, saliva and nasal discharge from smokers and non-

smokers (10 each) were tested.

The formation of SCN’ in saliva and nasal discharge after treated with NaCN was
detected by CE. Fig. 7A and 7B show the electropherograms obtained. No change in
the peak intensity of SCN’ in the saliva or nasal discharge was found when compared
to untreated ones (Fig. 7C), indicating no enzyme conversion of CN into SCN in saliva

or nasal discharge.

-19 -
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Figure 6. CE detection of SCN' in saliva collected from smoker and non-smoker
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Figure 7. CE detection of SCN’ in cyanide exposed saliva (A) and nasal discharge (B)
and correlative concentration (C) after 6 h at 37°C.
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3.4. Detection of CN to SCN conversion in lysates of oral cells

In the presence of S,0;*, CN™ was incubated with oral cell lysates prepared to
estimate the conversion of CN into SCN. The formation of SCN" was examined by
colorimetric assay and CE. The CE data shown in Fig. 8A was obtained by using final
concentration of 10 ug/ml of total protein. The chart in Fig. 8B was achieved using
concentrations of 400 and 800 ug/ml of total protein. SCN™ was detected from both
analytical methods, indicating that cell lysates converted CN into SCN. Among the
tested cells, the highest activity was detected from YD-38 cells with higher SCN" signal
than others. This cell line was used for next experiment of the response of live cell on

CN exposure.
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Figure 8. Detection and measurement of SCN™ after the treatment of cyanide on oral
cell lysates. CE electropherograms of cyanide-treated on lysates (A) of fadu cells (e); YD-
15 cells (d); KB cells (c); YD-38 cells (b) at concentration of 10 ug/ml of total protein are
showed with 1 mM of SCN" sample (a) is used as standard and 0.1 mM of urate sample is
used as internal standard (1.S). The measurement of SCN™ concentration using colorimetric
assay based on measuring of deep red complex of iron(lll)-SCN is shown (B). The
concentrations that were determined as level of total protein are 400 pg/ml (unfilled
columns) and 800 pg/mi (filled columns).
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3.5.  Detection of rhodanese gene by RT-PCR

Since CN to SCN conversion was confirmed for cell lysates, cells were further probed
for the conversion enzyme, rhodanese mRNA. RNAs from YD-15; YD-38; KB and fadu
cells were isolated for RT-PCR. The PCR results showed the bands of the expected
sizes (Fig. 9). Primer pairs of exon2F - exon2R bound to Rh exon2 region, exon3F -
exon3R bound to Rh exon3 region, producing 520 bp and 347 bp in length,
respectively. Between exon2 and exon3 is intron1 region with 6812 bp in length.
Primer pairs exon2F - exon3R bind to cDNA template of Rh gene sequence (MRNA
reference sequences: NM_001270483 and NM_003312) to make 983 bp in length of
PCR product. Sequence analysis of these bands showed that rhodanese is expressed

in oral cavity cells.
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Figure 9. RT-PCR detection of rhodanese gene expression in oral cells. Total RNA
from oral cells was isolated and reverse transcribed. PCR was performed using human
oligo (dT)q2.1s primer. Bands of expected sizes including 520 bp for exon2F-exon2R (lane
A), 347 bp for exon3F-exon3R (lane B), 983 bp for exon2F-exon3R (lane C) and 200 bp for
GAPDH were seen. Markers (lane M) were 100 bp DNA ladder.
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3.6. Detection of thiocyanate in cyanide exposed cells

Detecting SCN' in culture media after cyanide exposure demonstrated the secretion of
SCN' from the cells. YD-38 cell line was chosen because its lysate showed the highest
activity in CN to SCN conversion. The CE results in Fig. 11A showed that the level of
SCN' in culture medium was proportionally increased to the time of exposure. After 24
hours, the concentration of SCN™ was increased from 0 to 162.77 yM as summarized
in Fig. 11B. These results supported that SCN formed inside cells was secreted out

into culture environment.
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Figure 10. The CE detection of SCN" in cyanide exposed YD-38 cell culture media.
The electropherogram detection peak of SCN™ during 24 hrs of incubation at 37°C is shown
(A) and the increasing curve was drawn based on the analyzed peak area (B).
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4. Discussion

The high concentration of SCN’ in saliva of smokers is due to the conversion of CN to
SCN’ in cigarette smoke. However, the underlying roles of oral cavity on this
conversion have not been documented. The question here was whether SCN' in saliva
was converted in oral cavity or not. In this thesis, we, therefore, confirmed the
presence of CN in cigarette smoke and investigated the CN to SCN conversion in oral

cavity in vitro.

Cigarette smoke contains more than 5000 chemical compounds. Many of them
are known to be chemically reactive. The reported methods for analysis of CN in
cigarette smoke are potentiometry, amperometry, fluorescence spectrometry, ion
chromatography, spectrophotometry and segmented flow injection analysis [29]. In
these methods, common problems were the use of carcinogenic or mephitic reagents
that pollute the environment and the determination was commonly interfered by other
ions. Furthermore, the procedures were complicated and time-consumed. Interestingly,
the conversion of CN to SCN in the presence of thiosulfate and hydrogen peroxide

was not only selective but also UV-active SCN was fast detected by CE.

Regarding anion detection by CE, the main parameter induced the migration
time of anion is the mobility of electro osmotic flow (EOF) because the EOF is directed
toward the negative charge of cathode, opposite direction to the anion migration. Thus,
the velocity of an anion analyte inside capillary depends upon the rate of EOF of the
buffer solution. In other words, reducing EOF mobility provides faster analysis. Since

the EOF is significantly depend on the negative charge of silanol (Si-OH) groups in
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fused-silica capillary, adding cationic surfactants or alkylamines tends to neutralize the
negative charge on surface of the fused silica capillary, thus allow to control the EOF
mobility and analysis time as well [30]. These compounds are often called osmotic
flow modifiers (OFM). In the present work, we obtained the fast analysis of SCN™ and
S,04% by using 1mM of myristyltrimethylammonium hydroxide as an OFM. The
presence of OFM in BGE reduced the migration time of both analytes by more than

60 % without affecting the resolution.

The data suggested that even exposed to high concentration of CN, saliva or
nasal discharge were not able to convert CN into SCN. This is due to the absence of

rhodanese enzyme in fluids.

Cyanide treatment alkalified the culture medium and affected on cell growth.
The medium after treating with 25 mM NaCN became pH 9.0 and induced necrotic cell
death. Hence, addition of buffer into culture medium was therefore critical to maintain
the experiment condition by reducing the pH change. In this experiment, 25 mM
HEPES was used to keep the pH value in a range from 7.2 to 7.6 during the treatment

of 1; 5; 10 and 25 mM CN. Those pHs maintained cells in good condition for up to 48 h.

Together with RT-PCR result, the confirmation of conversion activity in cell
lysates supports the presence of rhodanese in oral cells. Interestingly, the detection of
SCN' formation from cells exposed to CN suggests that cells can convert CN into SCN
inside and secret out into culture media. In conclusion, oral cells are the source of
rhodanese enzyme. They response to the uptaken CN by conversion into SCN™ and

provide SCN' in saliva (Fig. 11).
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Figure 11. The generation and accumulation of SCN" in saliva by rhodanese-
catalyzed CN intoxication. Primary source of SCN is occurred within oral cells and
secondary source is secreted from saliva glands after generating in other tissues.
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5. Conclusions

A CE method was successfully applied for the qualification of CN substance in
cigarette smoke as well as characterizing the conversion of CN into SCN in vitro. Our
experimental results demonstrated that the CN to SCN conversion that has been
believed to mainly happen in liver and kidney also occurs within oral cavity. Saliva and
nasal discharge did not convert CN into SCN. Oral cancer cell lines (YD-15, YD-38,
KB and fadu) were confirmed to express the conversion enzyme, rhodanse, gene and
detect of CN to SCN conversion by cells. These data suggests that oral cells contains

rhodanese which convert CN into SCN and provide source of SCN in saliva.
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